Prostate-specific antigen (PSA) and the ratio of free-to-total PSA are widely used tumour markers, but the effect of exercise on these parameters is unclear. We aimed to determine whether long-term physical training was associated with changes in serum PSA by comparing PSA concentrations in middle-aged master athletes (n = 12), recreational athletes (n = 12) and sedentary controls (n = 12). Serum total PSA and free PSA concentrations were assessed using an electrochemiluminescence immunoassay; there were no significant differences among the groups. The free-tototal PSA ratio was significantly lower statistically in master athletes compared with recreational athletes, but this is not clinically significant as both values (0.22 versus 0.31, respectively) were within the normal range. These results indicate that the free-to-total PSA ratio may be affected by long-term athletic training, and could be important when evaluating athletes with prostate-related disorders.
Introduction
Prostate cancer is one of the most frequently diagnosed cancers and is a leading cause of mortality in men. 1,2 Two methods are frequently used to detect prostate cancer: digital rectal examination, and assays for prostate-specific antigen (PSA). 3 PSA is a serine protease produced by prostatic epithelial cells that is involved in the liquefaction of seminal coagulum. It is present in both benign and malignant prostate tissue. In recent years, PSA testing has become more popular as it provides a lead time of more than 5 years, enabling early detection of prostate cancer at a curable stage. 4 There seems to be a relationship between prognosis and serum PSA concentration. 5 Despite its success as a tumour marker, only one out of three men with an elevated serum PSA concentration will have a malignancy on biopsy. This is because factors such as non-malignant disease of the prostate, acute and subclinical prostatitis, prostatic ischaemia and infarction of the prostate can increase the serum PSA concentration. 6 -8 Prostatic massage, cystoscopy, digital rectal examination 9 and even immunointerference can also increase the PSA concentration. 3 The ratio of free-to-total PSA is the best diagnostic indicator compared with other measurements of PSA and has been shown to reduce the number of prostate biopsies in patients with benign prostatic hyperplasia. 10 Study of the association between serum PSA concentration and acute exercise has revealed conflicting results. Some authors reported acute increases 11 and others no change 12 -15 between pre-and post-exercise values. To our knowledge, there are no studies comparing PSA concentrations in master and recreational athletes who have undergone habitual exercise for many years.
We aimed to determine whether longterm physical training, for competitive or recreational purposes, causes changes in serum PSA concentrations in middle-aged master athletes, recreational athletes and sedentary controls.
Subjects and methods

SUBJECTS
The intensive exercise group (master athletes; MAs) consisted of male athletes being trained for endurance and registered with the Izmir Athletics Masters' Club, Turkey. To be selected for this group the men needed to be 3000 -10 000 m runners who had trained regularly for more than 10 years for at least 7 h over 4 days per week. They also needed to have participated regularly in national and/or international competitions.
The moderate exercise group (recreational athletes; RAs) consisted of male athletes enrolled in an aerobic training programme in a fitness centre in Izmir. This group comprised men who: participated in aerobic exercise for recreational purposes; had trained regularly for more than 10 years for at least 3 h over 2 days per week; and regularly enrolled in a fitness centre programme.
The control group consisted of sedentary men recruited using a local advertisement. As reported previously, they were classified as sedentary if they had not performed exercise of ≥ 15-min duration more than twice a week for the previous 6 months, 16 but were not required to have been completely inactive.
All selected participants were aged between 40 and 55 years, since prostate cancer is very rare before the age of 45 years, but shows a sudden increase after that age. 17 Participants were also required to have lived in Izmir (at sea level) for at least 10 years.
Exclusion criteria included smoking (including ex-smokers), any alcohol intake at any time, medication known to influence PSA concentration, diabetes mellitus, a previous history or diagnosis of prostate cancer or benign prostatic hyperplasia, surgery to the prostate or external genitalia, genital infections, high levels of cholesterol (total cholesterol > 240 mg/dl), and high blood pressure (resting systolic > 160 mmHg or diastolic > 95 mmHg), blood glucose (> 126 mg/dl) and percentage body fat (> 20%).
All subjects gave written informed consent. The study was approved by the Ethical Council of the Faculty of Medicine, Celal Bayar University, Turkey.
STUDY DESIGN
Subjects were asked to avoid any physical activity for 48 h and ejaculation for 4 days prior to assessment. Dietary intake was measured by two dietary questionnaires related to fat, fruit, vegetable and fibre consumption. 18 Blood samples were collected at rest, and measurements of height, weight, body fat, blood pressure and aerobic capacity (VO 2max ) were performed. Body fat was assessed by measuring skin-fold samples at four different body sites (triceps, subscapula, abdomen and suprailiac) using a Holtain Skinfold Caliper (which measures in increments of 0.2 mm; Holtain Ltd, Crymych, Dyfed, UK); percentage body fat was then calculated using the Yuhasz formula. 19 The Astrand-Ryhming test for estimating aerobic activity at submaximum workloads was performed on a calibrated bicycle ergometer (Monark 860, Varberg, Sweden), and VO 2max was predicted using the Astrand-Ryhming nomogram. 20
ASSAY OF PROSTATE-SPECIFIC ANTIGEN
Total and free PSA were measured in serum samples using an electrochemiluminescence immunoassay (Roche Diagnostics GmbH, Mannheim, Germany) in an Elecsys 2010 analyser (Hitachi, Ibaraki, Japan), which has a reportable range of 0.002 -100 ng/ml for total PSA. The coefficient of variation of the assay for total PSA is approximately 2%. The reportable range for free PSA is 0.01 -50.00 ng/ml, with a coefficient of variation between 2% and 3%.
STATISTICAL ANALYSIS
Results were presented as the mean ± SD. Group baseline comparisons were made using the Kruskal-Wallis test. The Mann-Whitney U-test was used to compare the results obtained in the different groups. The Spearman rho correlation coefficient was used to determine any correlation between parameters. A P-value of < 0.05 was considered to be statistically significant.
Results
Each of the three groups comprised 12 subjects. At the time of testing, the members of the MA group reported running an average of 45.08 ± 21.36 km/week; the RAs were involved in jogging, gymnastics, basketball or football programmes. All participants were well educated (65% university, 35% high school graduates) and fertile, having one or more children. All three groups were determined to have a balanced diet and sufficient food intake based on the results of the dietary questionnaires.
The physical characteristics, training history and serum results of the athletes and controls are shown in Table 1 . The three groups did not differ significantly in age, height or weight. As was expected, the MAs had a significantly lower body mass index (BMI) compared with that of RAs and controls (P < 0.05). Percentage body fat was found to be lower and the VO 2max higher in both MAs and RAs than in controls (P < 0.01; Table 1 ).
Serum total and free PSA concentrations did not differ between the three groups, with all values falling within normal reference ranges. The free-to-total PSA ratio was lower in MAs compared with RAs (P < 0.05). There was no correlation between VO 2max , percentage body fat, BMI and PSA concentrations.
Discussion
Research investigating the relationship between PSA concentration and chronic exercise is limited and inconsistent. In a study examining the association between serum PSA concentration and low or vigorous leisure time physical activity, a significantly lower risk for prostate cancer was found in the highest category of vigorous activity (multivariate risk = 0.46). 21 Values are mean ± SD. a Group comparisons made using the Kruskal-Wallis test. b P = 0.013 compared with recreational athletes; P = 0.038 compared with controls. c P = 0.001 compared with controls. d P = 0.002 compared with controls. e P = 0.000 compared with controls. f P = 0.015 compared with recreational athletes.
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In another study, no statistical association was found between physical activity and prostate cancer risk. Data in these studies were collected via questionnaires and subjects were not selected from groups doing regular exercise under the supervision of coaches or physical fitness leaders, however. 21, 22 PSA concentration and other lifestyle health-risk indicators were examined in MAs participating in the Senior World Games. 23 The authors found no relationship between PSA scores and physical activity levels, but the study did not compare the effects of physical activity on PSA concentrations in MAs, RAs and sedentary men.
In our study, exercise performed for many years had no effect on serum total and free PSA concentrations, but the free-to-total PSA ratio was lower in MAs than RAs (0.22 versus 0.31, P < 0.05; Table 1 ). This statistical significance does not have clinical value, however, since ratio values above 0.15 are considered to be normal. 11 Physical activity, especially bicycle riding, was found to increase PSA concentration as much as three-fold 12 due to increased blood flow, similar to that occurring in the vein plexus of the legs. Release of PSA from tissue into the circulation can also be enhanced by manipulation. Some researchers have suggested that this effect occurs during cycling, with micro-trauma to the prostate promoting leakage of squeezed PSA into the serum. The type of saddle used may play a role: saddles on bicycles used as a hobby are generally more comfortable than those used for racing. 24 A recent study demonstrated, however, that long-distance mountain biking did not alter the concentrations of total, free or complexed PSA in healthy men when measured before and 15 min and 3 h after a race. 25 Our findings of no statistically significant association between PSA concentration and physical activity are consistent with the results of other studies. 22, 23, 26 Whittemore et al., 22 found no statistical association between physical activity and prostate cancer risk in several different ethnic groups. 22 In another study, diet and moderate exercise regimes did not have a significant effect on serum PSA concentrations when examined over a 3-week period. 26 Our study differs from most others because the subjects were selected (after eliminating other factors that may affect PSA concentration) according to the purpose of their training. Apart from two studies examining the long-term effects of regular physical activity on serum PSA concentrations, 26, 27 the effect of long-term training for different purposes on PSA concentration had not been investigated. Our subjects performed endurance running or recreational activities, such as jogging, football and basketball that, unlike bicycle riding, are not believed to injure the pelvic area.
Various studies have demonstrated that analysing the relative proportions of free and total PSA in serum may increase the diagnostic specificity for prostate cancer by 15 -20%, without a significant reduction in sensitivity. Catalona et al. 28 suggested that a low free-to-total PSA ratio is a reasonably accurate predictor of early-stage prostate cancer. Oesterling et al. 10 proposed a cut-off level (the 95th percentile) for the free-to-total PSA ratio of 0.15, with values above this being considered normal for all men of all ages. Factors that change this ratio are, therefore, of great importance.
Significant differences between the two exercise groups and the control group in VO 2max , percentage body fat and BMI (except for RAs versus controls) suggest that men who undertake regular exercise have better metabolic fitness than inactive men. In addition, the training programmes performed by MAs were associated with higher metabolic fitness than those performed by RAs.
The serum total PSA and free PSA concentrations obtained from the groups were in the normal ranges, and the insignificant differences between the three groups suggest that different types of exercise alone do not have a role in changing the serum PSA concentrations.
We conclude that free and total PSA concentrations were not affected by longterm athletic training, but the free-to-total PSA ratio may be lower in MAs compared with RAs. This should be borne in mind by clinicians working with competitively trained athletes. The small sample size used in this study is limiting, however, so larger longitudinal studies are needed. Future studies should also assess people from different age groups and different sports and exercise programmes to clarify the clinical implications of our results.
